Changes in kefir storage (4 °C, 28 days) were evaluated every week in response to pulse 1 (whole faba bean [Vicia faba L. minor] and its dehulled fractions -hulls and cotyledon; whole 2 chickpea [Cicer arietinum L.)] and its crude mucilage) supplementation. Each supplement 3 offered different profile of microbial count that was optimal at 14 days refrigerated storage. 4
Introduction
Kefir is gaining prominence because of the numerous health benefits attributed to the 18 prominent probiotic effects especially on gut health. Moreover, kefir can improve 19 cardiovascular disease risk profile of young adults (18 -24 yr) by attenuating C-reactive protein 20 increase due to enhanced kefir digestibility resulting from lactose reduction by fermentation 21 provided by fats. These ingredients, typically made of indigestible dietary fibers with relatively 31 low-calorie contents can provide added health benefits and some are believed to induce greater 32 satiety than fats (Shelke, 2016) . 33
Pulses play important role in food and nutrition because of numerous health benefits 34 and are being incorporated into many popular food categories. This promotes domestic demand 35 of pulses as a strategy to contain the soaring healthcare costs, enhance long-term health 36 outcomes and accelerate the nutritional improvements of industrial food products. Pulses have 37 yet to make inroads into the probiotic food category due to limited research studies. For 38 example, lactic acid fermentation has been successfully applied to pulse flours including faba 39 bean and chickpea, resulting in reduced antinutritional compounds, increased free essential 40 amino acids and improved in vitro protein digestibility (Coda et al., 2015) . In yogurt production, 41 7 Aldrich Canada Ltd., Oakville, ON, Canada) standards were diluted with 75 mM phosphate 117 buffer (pH 7.4) prior to transfer into a 96-well microplate (Fluotrac 200, Greiner Bio-One Inc., 118 Longwood, FL). A peroxyl radical was generated by AAPH [2,2ʹ-azobis (2-119 methylpropionamide) dichloride] (Sigma-Aldrich, St. Louis, MO) during measurement, and 120 fluoresceine was used as the substrate. Measurements were taken after 60 min at 37 °C upon 121 addition of AAPH. Final ORAC values were calculated using a regression between the Trolox 122 concentration (0-6 µg/ml) and the net area under the curve and expressed as µM Trolox 123 equivalents (TE)/g sample. 124
For kefir, samples (1 ml) were extracted (25 °C, 1 h) with 80% aqueous ethanol (10 ml), 125 filtered (Whatman No.4), and the residue re-extracted (10 ml 80% aqueous ethanol). The 126 combined extracts were centrifuged (4000g, 10 min; Sorvall Legend XTR centrifuge, Thermo 127 Scientific, Ashville, NC, USA), and the supernatant used for ORAC analysis. 128
Kefir preparation 129
The freeze-dried starter kefir culture (kefir type B-heterofermentative culture-without 130 production of CO2 containing Lactobacillus plantarum, Lactobacillus rhamnosus, Lactoccocus 131 lactis subspecies lactis and cremosis and Leuconostoc cremosis (Abiasa Inc., Saint Hyacinthe, 132 Quebec, Canada) was used in this study. The culture was diluted in pasteurized, homogenized 133 (3.25% fat) milk purchased locally from a commercial source (Ottawa, ON, Canada), stirred at 134 85 °C for 15 min, portioned into sterile conical tubes (50 ml), and cooled to 42 °C (Espírito 135 Santo et al., 2010) . Seven treatments were prepared containing three faba bean (whole, 136 cotyledon and hull), and chickpea flours (1.5g; 3%, w/v), chickpea mucilage, inulin (10 ml 137 added to 40 ml milk) and the control without any additives. The inoculated milk samples were 138 prepared in triplicate, incubated overnight at room temperature and stored refrigerated (4 °C) 139 for 28 days.
Physicochemical and Microbiological analysis 142
The Kefirs were subjected to physicochemical and microbiological analysis, using 143 methodologies published elsewhere being easily available: pH, TTA, the bacterial 144 enumerations were carried out once a week for a total of 4 weeks (1, 7, 14 Determination of lactic, acetic, butyric and propionic acids was carried out using the method described previously (Sarmiento-Rubiano, Zúñiga, Pérez-Martínez, & Yebra, 2007).
Briefly, 1 ml of kefir samples from different days of storage (1, 7, 14, 21, and 28 days) were resuspended in 9 ml of phosphoric acid (0.1%, pH2.4), vortexed and centrifuged at 9000g for 20 min at 2°C. Supernatants were filtred throught Einmalfilter 0.45µm filter unit (chromafil, Germany) and injected in HPLC (Jasco Corporation, Japan) with a UV detector at 210 nm.
Samples were loaded in a Rezex ROA Organic Acid column (Phenomenex,USA) placed at 30°C and phosphoric acid 0.1%, pH 2.4, was used as the mobile phase in isocratic conditions.
At least three determinations were made for all assays. Analysis of variance by thecorrelation, and variance component analysis (VARCOMP) were performed according to 158
Statistical Analysis System, SAS 9.1 for Windows (SAS Institute Inc, 1990) . 159
3.
Results and Discussion 160
Phenolics and antioxidant activity 161
The hull and cotyledon represented 14.2% and 85.1% (w/w) of Vicia faba minor, 162 respectively in accordance with our previous study(Boudjou, Oomah, Zaidi, & Hosseinian, 163 2013). Faba bean hulls and cotyledons had the highest and lowest concentration, respectively 164 of total phenolics and flavonoids (Table 1) antioxidants were higher than those reported previously (Xu & Chang, 2007) . The yield of 175 aqueous extract from chickpea-hereby considered as mucilage was 28.4%. It had twice the 176 flavonoid content of whole chickpea and exhibited the lowest antioxidant activity (Table 1) . 177
The antioxidant activity of the samples correlated significantly (r2 = 0.899 and 0.874; P < 178 0.0001) with total phenolic and flavonoid contents, respectively. 179
The phenolic HPLC profile of whole faba beans and cotyledon was closely related with the 180 latter devoid of three flavonoids: epicatechin, quercetin and quercetin 3β-glucoside (Table 2) .
reported earlier (Bekkara, Jay, Viricel, & Rome, 1998). The cotyledon generally had 183 significantly (P < 0.05) higher phenolic acids, except gallic acid, but lower flavonoids than the 184 whole faba bean seeds. Faba bean hull was the richest flavonoid source due to its high catechin, 185 epicatechin and rutin content; it also had the highest gallic and protocatechuic acids and 186 pyrogallol in addition to being the only sample containing coumaric and hydroxybenzoic acids 187 and kaempferol. The highest flavonoid concentration of TF (Table 2) fig.2) . The optimal (8.1 -8.7 log cfu/ml) and minimal (7.3 -7.7 log cfu/ml) microbial 201 count occurred on storage days 14 and 1, respectively for all kefirs (Fig. 1) . Titratable acidity 202 (Fig. 2a ) was found to be highly inversely correlated (r = -0.789 to -0.868; P < 0.0005) with pH 203 ( 
suggests that these legumes provide an opportunity for their development and use as prebiotic 218 s similar to those of the well-established inulin. 219
The high microbial count (≥ 7.4 log cfu/ml) after 28 days kefir storage was above the 220 recommended level (≥ 6 -7 log cfu/ml) required for probiotic food suggesting that the 221 supplemented kefirs can exert the probiotic health benefits to the host and therefore applicable 222 (Table 3) . This linear increase (r ≥ 0.96) was also observed for whole faba bean, faba bean hull, 229 chickpea and chickpea mucilage supplemented kefirs during storage (1-14 days). Proteolytic 
3.4.Production of organic acids 239
The analysis of variance for organic acids showed that kefir samples (treatments), 240 storage time and their interactions were all highly significant (P < 0.0001). The variance in 241 lactic acid was predominantly associated with kefir treatment (49% of the total variation), 242 higher than that of storage time (29.7%) and their interaction (15.7%). The variance associated 243 with kefir treatment, storage time and their interactions were 14.3, 58.9 and 18.1% (of the total 244 variation), respectively for butyric acid; and 39.6, 38.2, and 21.8% (of total variation), 245 respectively for acetic acid. Kefir treatment, storage and their interaction had no significant 246 effect on the variability of propionic acid, since their variance (25, 20 and 10% of the overall 247 variation, respectively) was smaller than that of the experimental error (44.4%). 248
Chickpea and whole faba bean flour supplementation produced the highest amount of lactic and 249 butyric acids at 14 days storage. Acetic acid was highest with chickpea flour (1-14 days 250 storage), although consistently high concentration occurred with faba bean hull 251 supplementation. Chickpea mucilage generally produced lower amounts of organic acids than 252 the chickpea flour. Acetic acid production was induced by faba bean hulls since the cotyledons 253 had the lowest concentration (days 7 and 14) or levels similar to the control kefir (days 1 and 254 21). Kefir containing faba bean hull and whole faba bean flour had the highest and lowest 255 propionic acid content (21 day storage), respectively; although differences among kefirtreatments were generally not significant. Lactic acid production decreased linearly (r = ≥ 0.91) 257 with storage time (7-28 days) for the control kefir and kefir supplemented with inulin, faba bean 258 cotyledons and chickpea mucilage; increased linearly (r = 0.997) with storage time (1-14 days) 259 for whole faba bean flour and remained unchanged during storage (1-21 days) for faba bean 260 hulls (Table 4) . Acetic acid content increased linearly (r = ≥ 0.94) with storage (1-14 days) for 261 kefir supplemented with chickpea and faba bean cotyledon flours and decreased linearly ((r = 262 ≥ 0.95) with storage for inulin (7-28 days) and whole faba bean flour (14-28 days). Butyric acid 263 also increased linearly (r = ≥ 0.94) with storage (1-14 days) for the control kefir and the 264 chickpea and faba bean hull supplemented kefirs. 265
The molar ratios of the SCFAs, acetic, propionic and butyric acids changed during storage 266 reflecting differences in kefir microbiota; the change was highly dependent on the prebiotic 267 supplement and occurred often on the 21 st day. The molar ratio of acetate decreased (64 to 50%) 268 with concomitant increase in butyrate (27 to 38%) and propionate (9 to 12%) during storage (1-269 28 days) of the control kefir. These changes may be due to the significant decrease in 270 st and 28 th storage days), although the molar ratios remained almost constant (7 to 21 days 281 storage). However, butyrate yield from faba bean hull was significantly higher than the control 282 kefir during storage (1-14 days) indicating the potential beneficial effects of this natural fiber. 283
In fact, faba bean hull supplemented kefir displayed the overall highest SCFAs production 284 among all samples. 285 286
Kefir (ORAC) antioxidant activity 287
Storage time had minimal effects on kefir antioxidant activity, except for inulin 288 supplemented kefir where the variation among storage days was highly significant (P < 0.001). 289
Peak antioxidant activity was generally reached on days 14 or 21 of storage (Fig. 3) . 290
Antioxidant activity of kefir decreased in the following order: TF > WF > CF ≥ CP ≥ IN > MCP 291 > K during the storage period. The high antioxidant activity of the faba bean hull supplemented 292 kefir probably originates from its high phenolic content. Differences between faba bean 293 cotyledon, chickpea and inulin supplemented kefir were not significant, particularly between 1 294 -14 days storage and may therefore be considered to exhibit similar behavior. 295 296
Conclusion 297
Kefir storage has several components, some of which were investigated in this study relative 298 to pulse supplementation. Storage time contributed the most to variability in microbial growth, 299 TTA and pH, production of organic acid and proteolytic activity, whereas the type/source of 300 pulse supplementation determined kefir antioxidant activity. In this context, faba bean hull 301 supplementation would be preferred for its rich total phenolics, phenolic compounds (gallic and 302 protocatechuic acids), flavonoids (catechin, epicatechin and rutin) and antioxidant activity. 303
Moreover, increase in microbial count during kefir storage (day 1 -28) favored 304 supplementation with faba bean cotyledon, chickpea flour and chickpea mucilage that may be 305 considered as efficient prebiotics. Substantially influenced the production of SCFA and 306 improved proteolytic activity. Therefore, proper selection of pulse based ingredients is pertinent 307 to kefir storage and shelf-life. Pulse supplemented kefir may combine the probiotic and 308 antioxidant activities to offer synergistic efficacy in blocking cellular oxidation mechanisms 309 and their harmful effects on human health. Thus, pulse ingredients are very potent prebiotics, 310 stimulating the growth of beneficial bacteria and moreover exert strong antioxidant activity due 311 to the presence of pulse-bound polyphenols. 
